Objective-To compare milk yield among cows classified as nonlame, moderately lame, and lame and to examine the relationship between severity of lameness and milk yield in cows classified as lame during the first 100 days after parturition. Design-Longitudinal study. Animals-465 Holstein cows. Procedure-Cows were examined weekly during the first 100 days after parturition and assigned a lameness score by use of a 6-point locomotion scoring system (ie, 0 to 5). Milk yield was compared among cows classified as nonlame, moderately lame, and lame. Among cows classified as lame (locomotion score ≥ 4), milk yield was compared for cows with low, medium, and high cumulative locomotion scores. Cows classified as lame were further examined on a tilt table for diagnosis and treatment of lameness. Results-84 (18%), 212 (46%), and 169 (36%) cows were classified as nonlame, moderately lame, and lame, respectively. Among cows in their second or later lactations, milk yield in lame cows was significantly lower than that in moderately lame and nonlame cows. In addition, among cows classified as lame, milk yield was significantly lower in cows with high locomotion scores during the first 100 days after parturition, compared with cows with low scores. Most (58%) cows classified as lame had laminitis. Conclusions and Clinical Relevance-Results indicate a linear relationship between increasing degree of lameness and decreasing milk yield among cows in their second or later lactations. The locomotion scoring system used in this study may be a useful management tool that veterinarians and dairy farmers could adopt for early detection of lameness in dairy cows. (J Am Vet Med Assoc 2005;227:1292-1296) system (ie, 0 to 5). 4, 5 Cows were observed and scored by the same veterinarian as they walked out of the washing pen to the holding area before milking. Cows were classified into 1 of 3 categories of lameness: nonlame, moderately lame, or lame. 5 Cows classified as lame (locomotion score ≥ 4) were examined on a tilt table for diagnosis and treatment of lameness, and lesions observed and date of occurrence were recorded. Cows classified as lame were further designated as having a low, medium, or high cumulative sum of weekly locomotion scores on the basis of the frequency of distribution (ie, in the low, middle, or high 33rd percentiles).
Outcome-The outcome of interest was milk yield; the 305-day ME was used as a summary measure of cows' milk yield. Milk yield data were collected from farm records on the basis of the level of production at the time of dry-off (cessation of lactation) or culling.
b Statistical analyses-The hypotheses that lame or moderately lame cows produce less milk than nonlame cows and that milk yield is lower in lame cows with a high or medium cumulative sum of weekly locomotion scores than in cows with low scores were tested by use of ANOVA and regression analysis for the dependent variable of 305-day ME milk yield. Additional variables (ie, lactation number, calving season, dystocia, retained placenta, metritis, ketosis, and mastitis) were assessed to evaluate possible confounding effects that these factors might have had on milk yield. A 1-sided value of P ≤ 0.05 was interpreted to indicate that mean milk yield values differed among lame, moderately lame, and nonlame cows. The distribution of cows by lactation number, calving season, dystocia, retained placenta, metritis, ketosis, mastitis, and number of cows culled during the current lactation was compared among lame, moderately lame, and nonlame cows as well as among lame cows with low, medium, and high cumulative locomotion scores by use of a χ 2 test; a 2-sided value of P ≤ 0.05 was considered significant. We did not compare 10-day-average milk weights because examination of electronic herd records revealed that > 50% of the cows had ≥ 3 missing milk weight values. We used the projected 305-day ME milk yield instead of the actual 305-day milk yield because 94 (20%) cows were culled within 101 to 305 days postpartum.
In the analysis, nonlame cows were those with scores ≤ 2 or a score of 3 for only 1 week' s duration. The rationale for classifying cows with scores ≤ 2 as nonlame in the statistical analysis was that their gait was normal. To decrease the risk of misclassification, moderately lame cows were those with a score of 3 for 2 consecutive weeks. Lame cows were those classified at least once with a locomotion score ≥ 4. To test the sec- Groups with different superscripts were significantly (P Ͻ 0.05) different in univariate analysis. ond hypothesis (severity of lameness), the lame cows were further classified into 1 of 3 groups: cows with low (22 to 42 points), medium (43 to 47), or high (48 to 63) cumulative sums of weekly locomotion scores on the basis of the frequency of distribution (low, middle, and high 33rd percentiles). For all comparisons, a value P ≤ 0.05 was considered significant.
Results
Lameness-Eighty-four (18%), 212 (46%), and 169 (36%) of 465 cows were classified as nonlame, moderately lame, and lame, respectively ( Table 1) . Proportions of cows during the first or later lactations and cows with metritis or ketosis were significantly different among groups. Most (58%) cows classified as lame had laminitis. Severity of lameness-The number of weeks cows were lame was significantly higher in cows classified as lame and with high cumulative locomotion scores (7 weeks), compared with those with low (1 week) or medium scores (2 weeks; Table 3 ). The number of weeks lame was higher (P = 0.01) in lame cows with claw lesions or disorders (5 weeks), compared with the number of weeks in lame cows with laminitis (3 weeks). Table 3 ).
Milk yield in cows classified

Milk yield in lame cows with different degrees (severity) of lameness-In
In the multivariate analysis, the term for mastitis was retained (Table 4) . We observed a dose-response effect between severity of lameness and milk yield, but Groups with different superscripts are significantly (P Յ 0.05) different. the relationship was not significant. Among cows classified as lame, cows with high cumulative locomotion scores produced less milk than cows with medium scores and cows with medium scores produced less milk than cows with low scores. Cows with high scores produced 304 kg (668 lb) less milk than cows with medium scores, but this difference was not significant (P = 0.17). Cows with medium scores produced 444 kg (976 lb) less milk than cows with low scores, but this difference was not significant (P = 0.09). Cows with high scores produced 747 kg (1,643 lb) less milk than cows with low scores (P = 0.01). Variables included in the model explained 10% of the variation in milk yield (R 2 = 0.10).
Discussion
Previous knowledge regarding the relationship between lameness and milk yield in US dairy herds is limited to 3 studies conducted in California, 1 New York, 2 and Florida. 3 The studies from California and Florida were retrospective in nature, the study animals were limited to cows with or without a history of lameness as determined by examination of herd records, and the severity of lameness was not investigated. The study from California revealed a positive association between lameness and milk yield on a 500-cow commercial dairy. Cows that developed lameness within 49 days had higher milk yield up to 21 days and 49 to 119 days postpartum; lameness was mostly caused by sole ulcers and white line lesions. During diagnosis and treatment of lameness, milk yield was reduced but increased thereafter. The positive association between lameness and milk yield during early lactation suggested that high production was a risk factor for lameness. 1 The study 3 in Florida revealed a negative effect of lameness on milk yield on a 500-cow university dairy. Lame cows with interdigital phlegmon had a decrease in mean milk yield of approximately 857 kg (1,885 lb; 10%), compared with nonlame cows. Chronic interdigital phlegmon is characterized by frequent involvement of tendon and bone tissues, long-standing infection, and failure to respond to antimicrobial treatment. 7 In the Florida study, most lame cows with interdigital phlegmon were affected during the early part of lactation, when cows reach peak yields. These findings suggested that cows sufficiently affected with lameness from interdigital phlegmon during early lactation may adversely affect milk yield during that lactation. In the New York study, 2 a negative effect of lameness on milk yield was reported on 2 commercial dairies with 1,800 and 700 cows. Milk yield of lame cows was 0.5 to 1.5 kg/d (1.1 to 3.3 lb/d) lower for 2 or more weeks after lameness was diagnosed, despite treatment. The decrease in milk yield was more substantial in cows in their second or later lactations or in cows with more severe lameness. In that study, the severity of lameness (ie, mild, moderate, or severe) was evaluated by farm employees but objective definitions of the degrees of lameness were not used. Lack of a systematic method for diagnosis of an increasing or decreasing degree of lameness (eg, by use of a locomotion scoring system or determining the number of weeks lame) makes interpretation of the effect of severity of lameness on milk yield difficult because different farm employees may have used different criteria for designating severity of lameness, which could have led to bias that resulted in misclassification.
We used 305-day ME as a measure of milk yield in cows. This approach has limitations, particularly in the detection of changes in milk yield when the period of decreased milk yield is short. For example, it is possible that lame cows may have had a decrease in milk yield for only a few days, but the changes were not large enough to have an impact on milk yield as measured in our study. In addition, because cows were observed and scored for lameness weekly and lame cows (locomotion score ≥ 4) with claw lesions were treated immediately after diagnosis, we believe that the detrimental effect of lameness on milk yield may have been mitigated by early diagnosis and treatment.
In the study reported here, the effect of lameness on milk yield was more substantial in cows in their second or later lactations; cows classified as lame in that group produced a mean of 874 kg (1,922 lb) less milk than nonlame cows, representing a decrease in milk yield of 7%. The observed decrease in milk yield observed in such cows was in agreement with results of a previous study 2 in which the maximum changes in milk yield were -0.86 kg/cow/d (1.9 lb/cow/d) in cows in the second or later lactations, compared with -0.68 kg/cow/d (1.5 lb/cow/d) in all lame cows. This more substantial decrease in production that has been observed in older cows may result in part because older cows have higher milk yield; therefore, larger decreases in milk yield are possible. 2 Lame cows with high cumulative weekly locomotion scores produced less milk than cows with low scores, although the difference was not significant. Among cows classified as lame, cows with high scores produced a mean of 747 kg (1,643 lb) less milk than cows with low scores. The duration and cause of lameness may explain the lower milk yield observed in cows with high scores. The mean number of weeks lame was significantly higher in cows with high scores (7 weeks), compared with cows with low scores (1 week). Also, most cows with high scores had problems involving the claw, including thin soles, white line disease, abscesses, or sole ulcers. Cows with claw lesions were lame for a mean of 5 weeks, despite immediate initiation of treatment after diagnosis. In contrast, most cows with low scores had laminitis and remained lame for a mean of 3 weeks. Cows with laminitis were monitored weekly and were not treated unless claw lesions developed at some point after the diagnosis of laminitis.
Our results indicated a relationship between increasing degree of lameness and decreasing milk yield among cows in their second or later lactation. Among RUMINANTS cows in their second or later lactation, nonlame and moderately lame cows produced more milk than lame cows. In addition, among cows classified as lame, cows with low locomotion scores during the first 100 days postpartum produced more milk than cows with high scores, although the difference was not significant. These results underscore the importance of early detection of lameness and, if necessary, use of adequate treatment strategies including corrective foot trimming 8 in cows with claw lesions or disorders. The locomotion scoring system used in our study may be a useful management tool that veterinarians and dairy farmers could adopt for early detection of lameness in dairy cows. Early diagnosis and intervention may mitigate the effects of lameness and improve milk yield in affected cows. 
